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Prenatal Diagnosis and Significance
of Fetal Infections

ALESSANDRO GHIDINI, MD, and LAUREN LYNCH, MD, New York, New York

Viruses like rubella, cytomegalovirus, varicella-zoster virus and parasites like Toxoplasma gondii
can be transmitted from a pregnant woman to her fetus and can affect fetal development. Sev-
eral factors determine the likelihood of fetal infection and the risk of consequences for the fe-
tus, such as the timing of transmission during gestation or the immunologic status of the
mother. No single diagnostic modality can be applied to all infections. Knowledge of the diag-
nostic methods available is essential for accurate counseling and treatment of affected preg-
nant women.
(Ghidini A, Lynch L: Prenatal diagnosis and significance of fetal infections, In Fetal Medicine [Special Issue]. West j Med
1993; 159:366-373)

M aternal infection can lead to fetal infection by
hematologic spread to the placenta and hence to

the fetus. As a consequence of this route of infection, the
infection can be limited to the placenta or both placenta
and fetus can be infected. The timing and extent of fetal
infection following maternal infection can vary, depend-
ing on the type of infection, the gestational age at infec-
tion, and the immunologic status of the mother. Evidence
of fetal infection relies on the identification of the organ-
ism or detection of its antigens or genome in fetal com-
partments (amniotic fluid, fetal blood, or ascitic fluid) or
the detection of specific immunoglobulin (Ig) M antibod-
ies targeted to the offending organism in the fetal blood
or amniotic fluid. Identifying an infectious agent can
sometimes take weeks, however. The production of spe-
cific IgM antibodies depends on the maturity of the fetal
immune system and the immunogenicity of the specific
infectious agent. Therefore, the detection of specific IgM
antibodies is reliable evidence of fetal infection, but their
absence does not rule it out. Nonspecific evidence of fe-
tal infection can also be obtained from fetal blood sam-
pling-elevated total IgM antibodies, thrombocytopenia,
eosinophilia, and elevated liver enzyme levels-and al-
though not diagnostic, it increases the likelihood of fetal
involvement in the presence of a documented recent ma-
ternal infection.

The most common pathogen transmitted in utero is
cytomegalovirus (CMV), with an incidence of about 1%
to 2% of pregnancies. Toxoplasma gondii infects about 4
of 1,000 pregnant women per year, causing congenital in-
fection in 3,700 of the 3.7 million infants born a year in
the United States. Every year 1,500 cases of varicella-
zoster virus infection during pregnancy are reported in

this country. The occurrence during pregnancy of rubella
virus infection, once an important causative agent of
congenital malformations, has substantially decreased,
thanks to a general program of vaccination, but 21 infants
were born with the rubella syndrome in southern Califor-
nia during 1990.1 The incidence of parvovirus B19 infec-
tion in pregnancy is unknown, but it is probably rare.2
Each year in the United States, about 6,000 pregnant
women infected with the human immunodeficiency virus
type 1 (HIV- 1) deliver, and although the virus is not ter-
atogenic, infected newborns succumb within a few years
of life to opportunistic infections. For many of the spe-
cific infections discussed in this article, few data are
available in the literature, and specific recommendations
cannot be made.

Cytomegalovirus Infection
Like other herpesviruses, CMV can cause primary

and recurrent infections. About 50% to 85% of women of
reproductive age show serologic evidence of a previous
CMV infection. The attack rate among susceptible
women is about 2% per year among women at a higher
socioeconomic level, compared with a 6% annual attack
rate among women of lower income.3

Fetal CMV infection can follow either a primary or
reactivated maternal infection. From 30% to 40% of preg-
nant women with primary CMV infection transmit the
virus to their fetuses; 10% of these fetuses will be symp-
tomatic at birth, and the infection will result in neonatal
death or mental retardation and neurologic problems in
most of the survivors. Of the 90% asymptomatic infected
fetuses, 5% to 15% will have long-term neurologic se-
quelae develop later in childhood, usually in the form of
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a mild to profound hearing loss. Gestational age at the
time of maternal infection does not affect the transmis-
sion rate, but it seems to influence the severity of the in-
fection, with most symptomatic infants being born to
women who acquire CMV infection in early gestation.3
Among women with immunity to CMV, about 0.5% to
1% have a recurrent infection during pregnancy. Preexist-
ing maternal antibodies to CMV seem to protect the fetus,
however, and lessen the incidence and severity of the
manifestations of congenital CMV infection.
A recent study has compared the outcomes of 125

CMV-infected infants born to women who acquired pri-
mary infection during pregnancy with those of 64 CMV-
infected infants born to women with recurrent infection
during pregnancy.4 At birth, 18% of the infants in the pri-
mary-infection group had symptomatic CMV infection
compared with none in the recurrent-infection group. Af-
ter a mean follow-up of 4.7 years, one or more sequelae
were seen among initially asymptomatic infants in 25%
of the primary-infection group compared with 8% of the
recurrent-infection group (P = .003), including mental re-
tardation in 13% versus 0% and hearing loss in 23% ver-
sus 5%, respectively.

The diagnosis of in utero infection after a documented
maternal infection requires a combination of ultrasonog-
raphy and invasive procedures, such as amniocentesis and
fetal blood sampling. By compiling the series published
in the literature,S-7 we found a total of 24 cases that have
been evaluated after primary maternal CMV infection
and after routine serologic screening. Fetal infection was
documented in 11 cases and excluded in the rest (Table
1). In these patients, the detection of CMV early antigens
and culture of the virus from amniotic fluid were the most

reliable diagnostic tests. A fetal blood specimen obtained
by cordocentesis can be tested for specific IgM antibod-
ies and for nonspecific signs of in utero infection, such as
anemia, thrombocytopenia, elevated leukocyte counts or
total IgM levels, or abnormal liver function test results.
Specific fetal IgM antibodies were present in only five
(63%) of eight fetuses, and fetal blood culture grew CMV
in one (13%) of the eight cases in which fetal blood sam-
pling was done. On ultrasound examination, intrauterine
CMV infection may present as ascites or generalized hy-
drops, ventriculomegaly, intracranial calcifications, in-
creased bowel echodensity, and growth retardation.58 All
fetuses at risk with abnormal sonographic findings have
been found to be infected.5,6'S0 The converse is not true,
however: the absence of abnormal sonographic findings
does not rule out infection in a fetus.

Pregnant women with documented seroconversion to
CMV should be offered amniocentesis for viral identifi-
cation. Fetal blood sampling can be offered if other po-
tential prognostic indicators-total IgM antibody titers,
hematologic indices, and liver function tests-are desired.
In the absence of ultrasonographic findings, we are un-
able to predict which fetuses will be clinically affected.
The CMV genome can be detected by hybridization or

polymerase chain reaction (PCR)," but these techniques
are currently used only on an investigational basis.

Ganciclovir, with or without CMV-hyperimmune
globulin, has been used with success in the treatment of
adults and neonates with CMV infection.'2 It may de-
crease viral shedding and reduce the risk of organ damage
in cases of in utero infection. Before this is attempted,
larger trials evaluating the clinical efficacy and safety in
newborns will be necessary.

Toxoplasmosis Infection
Toxoplasma gondii is a protozoan transmitted by

oocysts in cat feces, infected meat eaten raw or inade-
quately cooked, and unwashed vegetables and fruit.
Acute infection is asymptomatic in almost 90% of pa-
tients. After host cell invasion, T gondii forms cysts in all
tissues (most commonly in the brain, skeletal muscles,

ABBREVIATIONS USED IN TEXT
AIDS = acquired immunodeficiency syndrome
CMV = cytomegalovirus
HIV-1 = human immunodeficiency virus type 1

Ig = immunoglobulin
PCR = polymerase chain reaction

TABLE 1.-Prenatal Diagnosis of Cytomegalovirus (CMV) Infecton in 1 1 Infected Fetuses

Ea4Antyen
Deteaeui amvi r
Amniotic Amioic Fetal oFt Aedfic

Fet souNFli Flui Bluod F s M F Outcome
1 ... Lynhetal,19915 Yes Yes Yes Normal No Yes Pregnancyterinated
2 ....Hohlfeldetal,l9916 Yes Yes No Ascites Yes Yes Pregnancyterminated
3.... Yes Yes No Normal Yes Yes Pregnancy terminated
4... Yes Yes No Normal Yes Yes Neonatalinfection
5.... Yes Yes No Normal Yes Yes Subdinical infeco
6..... Yes Yes No Normal Yes Yes Pregnancy termated
7 .... Yes Yes No Normal No Yes Subdinkal infeon
8.... Yes Yes No Normal No No Subclinical infecion
9....Skvorc-Rankoetal, 19917 NA Yes NA NA NA NA Subclinical infection
10... NA Yes NA NA NA NA Subclinical infectin
11... NA Yes NA NA NA NA Subdinkainfectio
NA=notwaleU
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and heart), where it persists for the life of the host. Reac-
tivations with parasitemia are possible in immunocom-
promised patients.'3 About 40% of pregnant women in the
United States are immune to toxoplasmosis.'4 About 4 of
1,000 susceptible pregnant women will acquire toxoplas-
mosis during the nine months of gestation. Because 40%
of such women, if not treated, will give birth to infected
infants, the annual incidence of congenital infection is 1

to 2 per 1,000.
A diagnosis of recent T gondii infection can be made

in the presence of documented seroconversion from a

negative to a positive titer; specific IgM antibodies, even

though there are substantial individual variations in re-

sponse to infection (in many cases immunocapture meth-
ods can detect IgM antibodies more than a year after the
acute infection)'5; or a fourfold increase in specific IgG
titer when sampling is done at three-week intervals in the
absence of treatment. A serologic diagnosis requires a

careful interpretation of the results because some tests
have different sensitivities at various stages of infection.
It is important to rely on a reference laboratory where
several tests can be done in parallel with evaluations of
previous specimens. There is as yet no consensus on

whether routine testing for toxoplasmosis in pregnancy is
cost-effective.

Vertical transmission occurs only during maternal
parasitemia, hence during acute infections or reactivated
latent infections in immunocompromised persons. Infec-
tion of the placenta is an obligatory step for maternal-to-
fetal transmission. Once the placenta becomes infected, it
remains so for the duration of the pregnancy. The delay
between maternal and fetal infection varies from less than
4 weeks to more than 16 weeks.'6 The transplacental pas-
sage increases with the gestational age: only 1.2% of fe-
tuses are infected when maternal infection occurs around
the time of conception, whereas the incidence of fetal in-
fection increases to 4.5% if the mother was infected at 6
to 16 weeks, 17.3% if infected at 17 to 20 weeks, and
28.9% if infected after midgestation.'7 The incidence of
severe fetal infection, however, decreases from about
75% during first-trimester maternal infection to almost
0% for transmission during the third trimester.18

Overall, 20% to 30% of untreated infected neonates
are symptomatic at birth (convulsions, spasticity, hypoto-
nia, chorioretinitis, encephalitis, hydrocephalus, micro-
cephaly). Among asymptomatic neonates, chorioretinitis
will develop in almost all untreated persons by adulthood,
and about 50% will have severe visual impairment.'9 An-
tibiotic treatment for a year after birth is currently recom-

mended, but it has not been determined whether treatment
improves the long-term outcome.'9 The visualization of
intracranial calcifications or hydrocephalus by ultrasono-
gram is not only diagnostic of fetal infection but also sug-

gestive of severe fetal involvement.
As soon as the diagnosis of recently acquired toxo-

plasmosis is made or suspected in a pregnant woman who
desires the continuation of her pregnancy, antibiotic treat-
ment should be started to reduce the probability of the
transmission of parasites to the fetus. At the same time,

further evaluation can be carried out to determine whether
the fetus is already infected. A combination of amniocen-
tesis, ultrasonography, and fetal blood sampling can lead
to a correct diagnosis of fetal infection in about 92% of
cases.20 The sensitivity and specificity of the different di-
agnostic tests are shown in Table 2. With the absence of
false-positive results, fetal blood sampling is diagnostic
of congenital toxoplasmosis when specific signs of infec-
tion, such as T gondii IgM titers or parasites, are detected.
Amniocentesis is diagnostic of fetal infection if the para-
site is identified in amniotic fluid. The identification of T
gondii by mouse inoculation requires three to six weeks;
fibroblast cell culture requires less than a week, but it is
less sensitive.2' Preliminary data show that PCR amplifi-
cation for detecting the T gondii genome is the most sen-
sitive and specific test,22'23 but its use is currently limited
to research centers.

TABLE 2.-Accuracy of Diagnostic Tests for
Congenital Toxoplasmosis*

Sensitivity, Specift,
Test

Fetal blood sampling
Identification of parasites

in fetal blood .................. 64 100
Elevated y-glutamyltransferase .......... 57 97
Total IgM ........................... 52 97
Elevated leukocyte count ............... 38 97
Low platelet count .................. 28 98
Specific IgM antibodies ................ 21 100
Elevated eosinophil count .............. 19 94
Elevated lactate dehydrogenase ......... 17 98

Amniocentesis ................. 52 100
Ultrasonogram ............. ..... 45 99.8

*ModHiedfrom Daffos et al.20

The treatment of a woman during pregnancy substan-
tially reduces the likelihood of fetal infection. Spiramycin
has few maternal side effects, no teratogenic action, but
scarce transplacental passage, so that its therapeutic effect
consists mainly of preventing the parasites from crossing
the placenta. A more aggressive antibiotic treatment with
sulfonamides and pyrimethamine can alternatively be
used, and their use has been recommended in cases of
documented vertical transmission to decrease the severity
of fetal infection. In a large series from France, 16 (14%)
of 1 16 untreated women had infants severely affected at
birth, compared with 3 (4%) of 79 women treated with a
combination of sulfonamides-pyrimethamine and spi-
ramycin.34 In a more recent series, the incidence of the
presence of specific IgM antibodies and of clinical infec-
tion was considerably lower among newborns whose
mothers were treated with a combination of pyrimeth-
amine-sulfadiazine and spiramycin, compared with new-
borns whose mothers received spiramycin alone.25

Varicella-Herpes Zoster Virus Infection
The varicella-zoster virus is a member of the her-

pesvirus family. The incubation period is 15 ± 5 days, and
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it is contagious between two days before and five days af-
ter the outbreak of the rash. About 95% of adults are im-

mune. Subclinical infection is uncommon. The incidence
of varicella infection in pregnancy is about 1 in 2,000
pregnancies, whereas that of herpes zoster is 1 in 10,000.
Evidence of fetal infection following maternal varicella is
seen in 24% of cases,26 but it is rare after maternal herpes
zoster, probably because the latter is rarely associated
with viremia.

A well-recognized "congenital varicella syndrome"
(also called varicella embryopathy) has been described in
a small proportion of infected fetuses. Pooling of the data
from several prospective studies indicates that the risk of
the congenital varicella syndrome is 1.8% (3/167) if ma-
ternal infection occurs during the first trimester and less
than 1% if it occurs after the first trimester.2'3' In all, 36
cases of the syndrome have been reported.31-3 Anomalies
included cicatricial skin lesions (usually conforming to a

dermatomal distribution), limb abnormalities (hypoplasia,
contractures), ocular abnormalities (chorioretinitis, mi-
crophthalmia, cataracts), and neurologic abnormalities
(including peripheral, central, and autonomic nervous

systems: paralysis, seizures, microcephaly, hydroceph-
aly). It has been suggested that the fetal abnormalities are

not due to direct damage from the varicella, but to in utero
reactivation of the infection leading to fetal herpes
zoster.32 A latency period of at least five weeks between
maternal infection and fetal abnormalities has been docu-
mented in cases detected in utero by ultrasonography.3'
About a third of infants with the congenital varicella syn-

drome die in the neonatal period, and most survivors have
substantial sequelae.39

The prenatal diagnosis of the congenital varicella syn-

drome is challenging. Chorionic villus sampling and the
PCR technique have been used in two cases to document
placental infection, but neither of the two fetuses ap-

peared to be infected.'" Ultrasonography has shown ab-
normalities in eight of nine fetuses later diagnosed with
the fetal varicella syndrome (Table 3)313-36,41; the most
common findings were polyhydramnios, liver hyper-
echogenicities, and fetal hydrops. The detection of viral
DNA in amniotic fluid by the PCR technique may prove

to be a sensitive indicator of fetal infection, but it awaits
further investigation.

Fetal blood sampling has limited application because
viremia is present for a limited time, and specific fetal
IgM is absent in more than half of infected newborns.
One case of successful prenatal diagnosis by fetal blood
sampling has been reported: the mother had been infected
at 20 weeks, and fetal blood sampling at 32 weeks re-
vealed specific IgM and high total IgM titers.3'

Varicella-zoster immune globulin prevents clinical
varicella when given to susceptible persons within 96
hours of exposure. It should be given to pregnant women
who have had exposure to the virus who are without evi-
dence of or with unknown immunity and neonates whose
mothers had varicella within a few days of delivery.
Neonatal mortality in this situation can be high because
synthesis and the transplacental passage of specific ma-

ternal IgG have not had time to occur. Acyclovir treat-
ment should be considered when delivery is anticipated
within a few days of maternal infection. The drug crosses

the placenta, may inhibit in utero viral replication, and
may lessen the severity of postnatal disease. There is no
evidence, however, that varicella-zoster immune globu-
lin, acyclovir, or interferon treatment can alter the course

of intrauterine infection or prevent fetal infection.

Rubella Infection
Rubella is an RNA virus without a serologic rela-

tionship to other known viruses that can affect humans. In-
fection is asymptomatic in 25% to 50% of cases. In
developed countries, only 5% to 20% of women of repro-
ductive age are susceptible to the virus. Despite a program
of rubella screening and vaccination in women, the num-
ber of reported cases of rubella infection in the general and
in the obstetric populations of the United States has re-

cently increased." 42 Past rubella infection can be diagnosed
by the detection of specific IgG antibodies, whose pres-
ence correlates with protective immunity. Recent infection
is documented by the presence of specific IgM antibodies
that can be detected shortly after the onset of illness; their
levels peak at seven to ten days, and they persist as long as

four weeks after the appearance of the rash.43

TABLE 3.-Sonographk Findings in Fetuses With the Congenital Vancella Syndrome

GestationaIle, wk
Fetus Source At Eposure At U sonogm Soegraphk Findings Outcome
1.. Alexander, 197941 16 31 Polhydramnios Neonatal death
2.. Cuthbertson et al, 198731 20 32 Polyhydramnios, hydrocephaly Neonatal death
3.. Harding and Baumer, 19883 14 17 Normal Neonatal death
4.. Scharf et al, 19903 14 28 Polyhydramnios, hydrocephaly, clubfeet Neonatal death
5.. Byme et al, 19903" 15 30 Liver hyperechogenicity, polyhydramnios Alive
6.. Pretoius et al, 199236 16 35 Polyhydramnios Neonatal death
7 .. 16 24 Polyhydramnios, hydrops, liver hyper- Neonatal death

ec ogenicity
8 .. 13 32 Polyhydramnios, liver hyperechogenicity Neonatal death
9 .. 14 19 Hydrops, arthrog yposis, liver hyper- Neonatal death

echogenicity
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Subclinical reinfection is possible, both after natural
infection and after vaccination. It is diagnosed serologi-
cally by a notable (greater than fourfold) increase in anti-
body concentration or the detection of IgM antibodies in
a person with known rubella antibodies. The incidence
of vertical transmission (fetal infection rate) declines
from 90% during the first trimester to 25% at the end of
the second trimester, and then rises again to 95% to 100%
during the last month of pregnancy.4546 During the first
trimester, the risk of fetal infection is nonexistent when
the maternal rash appears within 12 days from the last
menstrual period, increases to 3 1% when the rash occurs

12 to 21 days from the last menstrual period, and is 100%
in cases of maternal infection 3 to 6 weeks from the last
period.47

The risk of fetal damage in cases of fetal infection de-
creases from almost 100% during the first trimester to
35% during the early second trimester (Table 4).45,4749 No
severe damage has been observed after the 17th week of
pregnancy, with these children presenting with only sub-
clinical forms of congenital rubella.49 Long-term studies
on these cases are not available. No cases of fetal damage
after maternal vaccination in pregnancy have been re-

ported, even though theoretic concerns still contraindicate
rubella vaccination during pregnancy.

The most commonly described anomalies associated
with the congenital rubella syndrome are ophthalmologic
(cataracts, microphthalmia, glaucoma, chorioretinitis),
cardiac (patent ductus arteriosus, pulmonary artery steno-
sis, atrial or ventricular septal defects), and neurologic
(sensorineural deafness, microcephaly, mental retarda-
tion). In addition, most affected infants have retarded
growth and nonspecific findings of congenital infection
(hepatosplenomegaly, thrombocytopenia). Milder cases

may go unrecognized for months or even years after birth.
The termination of pregnancy should be offered in

cases of maternal infection at between 3 and 10 weeks'
gestation. The rate of fetal infection and birth defects is
lower from to 18 weeks, and the option of a prenatal
diagnosis should be offered to these patients. This has

been accomplished by the detection of specific IgM in fe-
tal blood. Fetal IgM can be synthesized from the 12th
week of gestation, but is consistently found only after the
22nd week in cases of rubella infection.an The overall sen-

sitivity of prenatal diagnosis in the largest series available
(n = 119) has been 98% (59/60), with specificity of 100%
(59/59).5° The only incorrect diagnosis (false-negative)
was thought to be due to sampling too early during preg-

nancy (20 weeks). The virus can also be isolated from the
amniotic fluid and grown in primary cell cultures,7,51-53 but
the method is insensitive and time consuming (up to six
weeks). Alternatively, viral RNA can be detected by in
situ hybridization or PCR,556 but the accuracy of these
newer techniques is unknown. Because all infected fe-
tuses produce IgM, this method cannot be used to differ-
entiate fetuses who are clinically affected from those who
are unaffected. Given the rarity of fetal sequelae when in-
fection occurs after midgestation, terminating the preg-
nancy or doing invasive diagnostic studies to detect fetal
infection is not recommended.

Immune globulin therapy after exposure to rubella
early in pregnancy does not prevent fetal infection or
teratogenic effects. Its use can be considered only when a

pregnant woman with exposure to rubella would not con-

sider terminating the pregnancy under any circum-
stances.45 No antiviral treatment is yet available or tested.

Human Parvovirus B19 Infection
The most common clinical manifestations of B 19 in-

fection are erythema infectiosum, arthralgias, or arthritis,
with low-grade fever and flulike symptoms. Parvovirus
B 19 infection can be entirely asymptomatic in about 20%
of women. It is common in childhood, and nearly 50% of
women at childbearing age are immune.57 The attack rate
among susceptible household contacts is about 50%, and
during school outbreaks, the transmission of infection to
susceptible teachers is about 20%.-"

The primary sites for B 19 replication are the erythroid
progenitor cells in the bone marrow. The infection is lytic
in nature, leading to erythrocytes failing to mature. The

TABLE 4.-Fetal Infection Rates After Confirmed Maternal Rubella Infection*
Fetal infection, Rubella-Assocated Defects!
No. Infected/No. Sermpositive Infont overoll

Gestational Age, wk Exposed (%) NaINO. (96 Riskt
2-3 4/13 (31) NA NA
4-6 10/10 (100) 11/11 (100) 100
7-10 9/9 (100) 24/29 (83) 83
11-12 8/13 (62) 20/25 (80) 55
13-14 16/25 (64) 16/31 (52) 33
15-16 24/46 (52) 17/38 (45) 23
17-20 13/33 (39) 2/33 (6) 2
21-23 6/35 (17) 0/16 ( 0
24-30 19/63 (30) (0) 0
31-36 15/25 (60) (0) 0
>36 8/8 (100) (0) 0
NA = not available

*From Miller et al,45 Enders et al,47 Munro et al,48 and Grillner et al.49
tThe overall risk was calculated as follows: % seropositive fetuses with defects x % infants infected.
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aplastic event lasts seven to ten days, after which time
reticulocytes appear; the bone marrow fully recovers
within about three weeks. Adults with normal hema-
topoiesis tolerate this transient red cell aplasia with a min-
imal decrease in hemoglobin; however, anemia may de-
velop in cases of infection when there is rapid erythrocyte
turnover (as in fetuses).

The mainstay of the diagnosis of B19 infection in
pregnant women with exposure to parvovirus or with
symptoms of infection is the use of serologic tests. B 19-
specific IgM antibodies appear within 3 days after the ill-
ness begins, but persist for only 30 to 60 days; specific
IgG antibodies appear after a week and can be used to
document recent infection if both acute and convalescent
sera are tested simultaneously and display a substantial
rise in antibody titers. The B 19 virus cannot be cultured
on traditional tissue culture media. In the fetus, viral par-
ticles can be identified in fetal tissues (ascitic fluid),59 or
viral DNA can be detected by either in situ hybridization
or Southern blot techniques.59-" Parvovirus B19 DNA
probes are most useful during the acute viremic phase of
the infection and may show normal findings after symp-
toms resolve.62

Recently, DNA amplification by PCR has been used
that allowed the detection of viral DNA in amniotic
fluid,63 but this technique is currently available in only a
few research laboratories. Specific fetal IgM antibodies
can also be detected in amniotic fluid or umbilical cord
blood.53 Amniocentesis and fetal blood sampling are indi-
cated in the presence of hydrops. Amniocentesis is not yet
recommended in all cases of maternal B 19 infection be-
cause of the lack of a laboratory willing to do viral iden-
tification by the PCR technique in amniotic fluid.

The transplacental transmission rate of B 19 has been
estimated to be 33%.2 It has been estimated that the risk
of fetal death due to B 19 infection is about 9%.2 Prelimi-
nary data from a prospective cohort study of about 200
women with serologic evidence of acute B 19 infection in-
dicate that there is a 2% to 3% increase in fetal deaths
among infected women compared with controls.64

Parvovirus B 19 infection can jeopardize a fetus at any
gestational age. Severe anemia and hydrops precede fetal
death in most cases." When present, hydrops generally
occurs 3 to 5 weeks after symptomatic infection in the
mother, but it has been reported as long as 12 weeks
later."61 Therefore, once maternal infection has been doc-
umented, serial sonographic examinations every one to
two weeks are indicated to detect early signs of hydrops.
Surveillance should be started as early as possible be-
cause hydrops due to B 19 infection has been seen as early
as 11 weeks' gestation.2 Some fetuses can become hy-
dropic without evidence of anemia: because viral parti-
cles have been recovered from the myocardium, in these
cases hydrops has been thought to be due to cardiomy-
opathy.63"65,"

Although most fetuses with hydrops die in utero if not
transfused, cases of transient hydrops and survival with-
out therapeutic intervention have been reported.62Z67 " It is
unclear whether in utero transfusion improves fetal out-

come. Infants who survive the severe anemia with or
without in utero transfusion appear to develop normally.
There is no conclusive evidence that B 19 infection is as-
sociated with anatomic abnormalities. The efficacy of
maternal prophylactic immune globulin administration
after exposure has not been determined yet, and its use is
not recommended at this time. A vaccine is not available,
but its implementation should be made easier by the anti-
genic stability of B 19 virus.

Human Immunodeficiency Virus Type 1
Infection in Pregnancy

About 6,000 HIV- 1-positive women give birth in the
United States during a 12-month period.69 Modes of in-
fection in women include injection drug use (52%), het-
erosexual transmission (33%), and exposure to blood
products, but a substantial proportion of infected women
do not acknowledge risky behaviors. Pregnancy does not
seem to be associated with an accelerated progression of
HIV-1 disease.70

Data from several prospective studies show that verti-
cal transmission rates range between 13% and 30% of
cases.71-73 The risk of infection appears to be greatest for
infants born to women with advanced infection (such as
those with the acquired immunodeficiency syndrome
[AIDS], with CD4+ counts during the third trimester be-
low 700 X 106 per liter [700 per ul], or with evidence of
p24 antigen in the blood) and for those delivered before
34 weeks of gestation.7' Even though fetal infection dur-
ing the second trimester has been documented,74'75 recent
findings strongly suggest that in a significant proportion
of cases, HIV-1 is transmitted from mother to infant at the
time of delivery: indeed, for twins born to HIV-infected
mothers, the first child delivered, either vaginally or by
cesarean section, is more likely to be HIV-infected than
the second one.76 If HIV-1 were transmitted across the
placenta earlier in pregnancy, birth order should make no
difference in the infection rate. Episiotomy, the applica-
tion of scalp electrodes, and instrumental deliveries were
associated with an increased risk of transmission only in
centers where these procedures were not routinely used.

Prenatal diagnosis is not recommended as invasive
procedures like fetal blood sampling may theoretically in-
troduce the virus into a previously uninfected fetus. The
magnitude of this risk is unknown. Furthermore, a fetus
may become infected anytime after prenatal diagnosis be-
cause maternal viremia persists. Fetal HIV-1 infection
does not seem to be associated with a substantially in-
creased incidence of intrauterine growth retardation, pre-
maturity, microcephaly, or dysmorphism once other con-
founding variables are taken into account.7",77'78

The mainstay of the treatment of nonpregnant women
with AIDS, AIDS-related complex, or CD4+ cell counts
of less than 200 X 106 per liter rests on antiretroviral ther-
apy with zidovudine and Pneumocystis carinii pneumo-
nia prophylaxis with the combination drug trimethoprim
and sulfamethoxazole.

Because of the lack of solid data on the fetal side ef-
fects and toxicities, the Public Health Service has avoided
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recommending therapies in pregnancy, but as there are no
adverse fetal effects known to outweigh the maternal ben-
efits of these therapies, they should not be withheld dur-
ing pregnancy.79 Most obstetricians offer zidovudine
treatment to pregnant women in advanced stages of dis-
ease, avoiding its use during the first trimester because of
possible teratogenic risks.
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